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Aspergillus flavus is an opportunistic pathogen that infects plants, 

animals and humans, and produces the carcinogenic mycotoxin, 

aflatoxin. Aflatoxin consumed in grains or milk is acutely toxic, stunts 

children’s growth and induces liver cancer. The fungus may also cause 

allergic reactions in humans and aspergillosis diseases, notably in lungs 

of immunocompromised people. Therefore, the occurrence of aflatoxin 

in the food chain is a public health concern and it is crucial to develop a 

method to identify this fungal contaminant in foods. The aim of this 

study was to develop a rapid means of identifying this fungal 

contaminant using whole genome sequencing. Aspergillus flavus 

populations are very diverse and may consist of many different 

vegetative compatibility groups (VCGs). Twenty isolates encompassing 

all 16 VCGs were selected for genome sequencing. After overnight 

growth of these isolates, mycelial pellets were collected, flash-frozen in 

liquid nitrogen, freeze-dried, and genomic DNA was extracted. Paired-

end sequencing libraries were prepared using Nextera XT and sequenced 

on an Illumina Nextseq. The sequences were assembled using the 

SPAdes assembler v3.12.0, and the assembly quality assessment utilized 

QUAST. The sequences were identified to the species level, using an 

MLST and custom kmer database and were submitted in NCBI under 

Bio Project PRJNA482816. There are only a few publicly available 

fungal genomes sequences from food isolates. The availability of high-

quality genome sequences for fungi will allow detection and 

identification of these potential pathogens and creation of an accurate 

catalog of mycotoxins. 
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Strains and DNA extraction

Aspergillus flavus populations are very diverse and may consist of many 

different vegetative compatibility groups (VCGs). Twenty isolates 

encompassing all 16 VCGs were selected for genome sequencing. 75 ml 

of potato dextrose broth conidial cultures were shaken overnight at 125 

rpm and 30 °C. Mycelial pellets were collected, flash-frozen with liquid 

nitrogen, freeze-dried, and then DNA was extracted with a Zymo Quick-

DNA Fungal/Bacterial DNA Miniprep kit (Zymo Research, Irvine, CA). 

Genomic DNA (gDNA) quality and purity were assessed using a 

Nanodrop spectrophotometer (Thermo Scientific, Wilmington, DE), and 

quality control was performed using a Qubit 2.0 fluorometer (Life 

Technologies, Burlington, Canada).

Whole genome sequencing 

Whole genome sequencing was performed using a Nextera XT DNA 

Library Prep Kit (Illumina, Inc., San Diego, CA) with 2 x150 bp paired-

end sequencing on an Illumina NextSeq Sequencer with a NextSeq 

500/550 Mid output reagent cartridge V2 (n = 8).

Materials and Methods

Fungal sequence assembly and mycotoxin gene identification

Fast QC (Q >30) was used to check the raw sequence data. 

Low-quality reads were trimmed to a quality threshold of Q>30 using 

Trimmomatic (5) with NexteraPE adapter file. Trimmed reads were 

subjected to de novo assembly using the SPAdes assembler

v3.12.0 (6 ), and assembly quality assessment utilized QUAST (7 ). 

Default settings were used for all software programs unless otherwise 

noted. The analysis of the sequence data is shown in Table 2. The 

sequences were identified to the species level, using an MLST and 

custom kmer database, as Aspergillus flavus species. The raw sequence 

data and some of the draft genomes were submitted in NCBI under a 

new project specific for fungi, BioProject PRJNA482816.

Results and Discussion

Aspergillus flavus is an opportunistic pathogen that infects plants, 

animals and humans, and produces aflatoxin, a natural carcinogen. 

Aflatoxin consumed in grains or milk is acutely toxic, stunts children’s 

growth and induces liver cancer (1). The fungus may also cause allergic 

reactions in humans and aspergillosis diseases, notably in lungs of 

immunocompromised people (2). Aflatoxin contamination in corn 

threatens both consumer food safety and grower economic stability, 

causing an estimated $52 million to over $1 billion of economic loss per 

year in the U.S. (3). In Louisiana, a severe corn aflatoxin outbreak in 

1998 resulted in an almost total crop loss, and periodic aflatoxin 

outbreaks still occur (4). The aim of this study was to develop a rapid 

means of identifying this fungal contaminant using whole genome 

sequencing. 

Introduction

Table 1. Strains used in this study and source

Table 2. Aspergillus flavus strains, aflatoxin production, and genomic statistics data

a. RRSSOLOa refers to an isolate that did not complement with any other isolates and therefore

was in a singleton VCG (vegetative compatibility group).

b. Aflatoxin B1 from glucose-salts medium of 4-day old cultures was quantified with Ultra Performance Liquid 

Chromatography. AFB2 was detected in lower quantities for each extract with AFB1.

Strain Name/Genome ID Organism Tax ID Isolation Source 

MOD1-573 Aspergillus flavus 5059 Corn

MOD1-575 Aspergillus flavus 5059 Corn

MOD1-576 Aspergillus flavus 5059 Corn

MOD1-578 Aspergillus flavus 5059 Corn

MOD1-580 Aspergillus flavus 5059 Corn

MOD1-581 Aspergillus flavus 5059 Corn

MOD1-584 Aspergillus flavus 5059 Corn field soil

MOD1-586 Aspergillus flavus 5059 Corn field soil

MOD1-587 Aspergillus flavus 5059 Corn field soil

MOD1-590 Aspergillus flavus 5059 Corn field soil

MOD1-591 Aspergillus flavus 5059 Corn field soil

MOD1-595 Aspergillus flavus 5059 Corn field soil

MOD1-599 Aspergillus flavus 5059 Corn field soil

MOD1-601 Aspergillus flavus 5059 Corn field soil

MOD1-605 Aspergillus flavus 5059 Corn field soil

MOD1-607 Aspergillus flavus 5059 Corn field soil

MOD1-618 Aspergillus flavus 5059 Corn field soil

MOD1-619 Aspergillus flavus 5059 Corn

MOD1-620 Aspergillus flavus 5059 Corn field soil

MOD1-621 Aspergillus flavus 5059 Corn

Conclusion

In this study, genomes of 20 fungal isolates from corn and corn field 

soil were sequenced. We show that whole genome sequences can be 

used to identify isolates at the species level and note the potential to 

identify genes from mycotoxin synthesis pathways to determine 

whether they produce mycotoxins. Therefore, the availability of high-

quality genome sequences for fungi will allow detection and 

identification of these potential pathogens and creation of an accurate 

catalog of mycotoxins.

Solomon T. Gebrua, Mark K. Mammela Jayanthi Gangiredlaa, Carmen Tarteraa, Jeffrey W. Caryb, Geromy G. Mooreb, Rebecca R. Sweanyb

aDivision of  Molecular Biology, Office of Applied Research and Safety Assessment, Center for Food Safety and Applied Nutrition, U.S. Food and Drug Administration, Laurel, MD, 20708, USA

bFood and Feed Safety Research Unit, Southern Regional Research Center (SRRC), U.S. Department of Agriculture (USDA), New Orleans, LA, 70124, USA

https://doi.org/10.1099/mic.0.2007/007641-0
https://doi.org/10.5604/01.3001.0010.3816
https://doi.org/10.1080/19440049.2016.1138545
https://doi.org/10.1093/bioinformatics/btu170
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.1093/bioinformatics/btt086
mailto:solomon.gebru@fda.hhs.gov

